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in	more	 than	50	 industries,	 the	basic	ones	being	
metallurgical,	 chemical	 and	 refractory	 (Stoecker,	
2004).	While	hexavalent	chromium	can	easily	cross	
the	 cellular	 membrane,	 using	 nonspecific	 anion	
carriers,	 trivalent	 chromium	 lack	 this	 property.	
Inside	 the	 cell,	 Cr	 VI	 is	 reduced	 by	 intracellular	
reductants	 to	 chromium	 intermediates	 Cr	 V	 and	
Cr	IV,	and	ultimately	to	stable	form	of	Cr	III,	which	
forms	 mutagenic	 Cr-DNA	 adducts	 responsible	
for	 chromium	 toxic	 and	 mutagenic	 capacities.	
This	reduction	process	generates	reactive	oxygen	
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carcinogenic	effects	in	humans	and	animals.	US	EPA	
(1987)	 listed	 this	metal	 among	 the	 126	 priority	
pollutants.	 In	 addition,	 it	 is	 listed	 among	 the	 25	
most	 hazardous	 substances	 posing	 the	 greatest	
risk	 to	 human	 and	 ecosystem	 health	 (USDHHS-
USEPA,	 1987).	 Exposure	 to	 hexavalent	 form	 of	
chromium	can	 induce	 acute	 and	 chronic	 toxicity,	
neurotoxicity,	 dermatotoxicity,	 genotoxicity,	
carcinogenicity,	 immunotoxicity	 and	 general	
environmental	toxicity	(Von	Burg	and	Liu,	1993).	
However,	 there	 are	 only	 a	 few	 studies	 regarding	
hexavalent	chromium	effects	on	pancreas.	
Trivalent	 chromium	 is	 essential	 for	
maintenance	of	human	normal	physiology,	due	to	
its	capacity	to	regulate	insulin	and	blood	glucose	
levels	 by	 stimulating	 insulin	 signaling	 pathways	
and	 metabolism	 by	 up-regulating	 glucose	
transporter	 (GLUT4)	 translocation	 in	 muscle	
cells	 (Qiao	 et al.,	 2009).	 Likewise,	 trivalent	 form	
of	chromium	intervenes	in	optimal	cell	uptake	of	
glucose	 (Khan	and	Awan,	2014	and	Tudan	et al.,	




Aronia melanocarpa	 (black	 chokeberry)	 is	
a	member	 of	 the	Rosaceae	 family	 and	 originates	
from	 North	 America,	 where	 its	 fruits	 have	 been	
used	 in	 folk	 medicine.	 Later,	 in	 20th	 century	
chokeberry	 was	 introduces	 in	 Eastern	 Europe	
and	Soviet	Union.	Now	this	shrub	is	cultivated	for	
production	of	juice,	jam,	wine	and	food	colorants.	
It	 was	 demonstrated	 that	 Aronia	 extracts	 and	
juices	 possess	 anti-oxidative,	 antiviral,	 anti-
mutagenic,	 anti-cancer,	 hepato	 protective,	 anti-
inflammatory,	 gastroprotective	 and	 anti-diabetic	
activities	 (Chrubasik	 et al.,	 2010,	 Kokotkiewicz	
et al.,	 2010,	Kulling	and	Rawel,	2008).	Beneficial	
effects	 of	 Aronia	 berries	 are	 due	 to	 their	 high	





Chokeberry	 fruits	 have	 the	 highest	 content	
of	 phenolic	 constituents	 than	 most	 other	
blackberries,	 respectively:	 anthocyanins,	
procyanidins	 and	 phenolic	 acids.	 Free	 radical	
formation	 is	directly	 linked	to	 lipid	peroxidation,	
implicated	in	pathogenesis	of	a	variety	of	diseases:	
cellular	 aging,	 mutagenesis,	 inflammation,	
carcinogenesis,	 coronary	 heart	 disease	 and	
diabetes.	 Thus,	 substances	 that	 can	 inhibit	 ROS	
could	 have	 a	 positive	 effect	 on	 all	 enumerated	
states	 above	 (Bräunlich	 et al.,	 2013,	 Kulling	 and	
Rawel,	2008).		
The	aim	of	this	study	was	to	determinate	if	Cr	
VI	 induces	 structural	 changes	 in	 pancreas,	 given	
its	ability	to	enter	the	cells	and	to	easily	produce	




The	 study	 was	 performed	 on	 adult	 male	
Wistar	 rats	 (n=35)	 weighting	 220–240g	 that	
were	purchased	from	a	licensed	breeder.	Animals	
housed	 in	 plastic	 cages	 at	 standard	 laboratory	
conditions	 under	 a	 12-h	 light/dark	 cycle	 and	 at	
a	 constant	 temperature	 (25±2°C)	were	 provided	
free	 access	 to	 food	 and	water.	 The	 animals	were	




natural	 plant	 shop.	 To	 obtain	 aqueous	 extract,	
classic	 extraction	 was	 performed	 by	 mixing	
dried	berries	skin	and	seeds	with	distilled	water	
in	 water/volume	 ratio	 of	 0.25/10	 (w/v).	 After	







water,	 at	 75	 ppm	 for	 three	 months	 -	 level	
representing	3x	LOAEL	(US	EPA,	2001),	and	 is	























At	 the	 end	 of	 experimental	 period,	 the	 rats	
were	sacrificed	following	the	standards	of	national	
and	 international	 law	 regarding	 care	 and	 use	 of	
laboratory	animals.	
For	 histological	 assessment,	 pancreas	 tissue	
was	dissected	out	from	each	experimental	group.	
The	 tissue	 samples	were	 fixated	 using	 Bouin’s	 –	
Hollande fixative	for	18	hours	(Humanson,	1972)	
and	then	processed	via	the	paraffin	wax	embedding	
method.	 The	 paraffin	 embedded-samples	 were	
sectioned	at	5-micron	thickness	using	microtome	
(Cut	4062	Slee	Mainz,	Germany).	The	slides	stained	
by	 Hematoxylin	 -	 Eosin	 and	 trichrome	 Mallory	




Microscopic	 examination	 of	 the	 pancreas	
from	control	group	revealed	the	morphologically	
normal	 aspect	with	 compact	 arrangement	 of	 the	
endocrine	 cells	 in	 the	 islets	 of	 Langerhans	 and	
exocrine	cells,	grouped	in	serous	acini	(Fig.	1	A,	B).
Histological	 slides	 of	 pancreas	 from	
individuals	exposed	for	three	months	to	hexavalent	
chromium	 showed	 reduction	 in	 islet	 dimensions	
and	 number.	 Endocrine	 cells	 from	 islets	 were	
found	 to	 be	 reduced	 in	 number.	 In	 some	 cases,	
the	 cells	 degenerated	 leaving	 atrophied	 islets.	
Vacuolization	 of	 the	 endocrine	 cells	 was	 also	
present.	Microscopic	examination	highlighted	the	
dilatation	 of	 connective	 tissue	 septa.	 Capillaries	
and	arterioles	were	dilated	(Fig.	2	A,	B).
Pancreas	 section	 obtained	 from	 rats	 treated	
for	three	months	with	75	ppm	of	Cr	VI	combined	
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presented	 compact	 arrangement	 of	 endocrine	
cells	grouped	in	 large	Langerhans	 islets,	situated	
near	 blood	 vessels	 (Fig.	 3).	 Pancreatic	 sections	





hexavalent	 chromium	 for	 three	months	 followed	
by	 one	 month	 of	 distilled	 water,	 microscopic	
examination	emphasized	reduction	of	Langerhans	
islet	 number	 (there	 were	 histological	 slides	
with	 total	 absence	 of	 endocrine	 cells),	 or	 large	
Langerhans	 islet	 with	 structural	 architecture	
altered.	 Endocrine	 cells	 presented	 degenerative	
lesions	 like	 vacuolization,	 reduction	 of	 number	
and	necrosis.
Moreover,	 disruption	 of	 endocrine	 islets	
associated	 with	 disorientation	 of	 cells	 was	




of	 endocrine	 cells.	 Interlobular	 connective	 tissue	
dilatation	was	noticed	as	well	(Fig.	5).
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However,	some	islets	of	Langerhans	revealed	
blank	 spaces	 within,	 significantly	 smaller	 when	
compared	with	pancreas	of	rats	treated	only	with	
chromium.	
Dilatation	 of	 blood	 vessels	 was	 present	 in	
this	 experimental	 group	 too,	 but	 in	 this	 case,	 it	
was	 the	 predominant	 phenomena.	 Capillaries	
appear	 dilated	 and	 engorged	 with	 blood;	
erythrocytes	were	well	stained	and	individualized	
indicating	 hyperemia,	 which	 can	 be	 considered	
a	 compensatory	 and/or	 repairing	 phenomenon	
that	 appears	 in	 response	 to	 increased	 demands	
for	 nutrients	 and	 oxygen,	 increases	 cellular	
metabolism,	 hastens	 movements	 of	 metabolites	
into	area	and	supports	cellular	proliferation.	
Guria	 et al.	 (2016)	 described	 the	 similar	
histological	 finding	 after	 exposing	 mice	 to	
chromium	 oxide,	 a	 hexavalent	 chromium	
compound.	 El-Saad	 et al.	 (2010)	 showed	 that	
intraperitoneally	 administration	 of	 potassium	




reduced	 by	 administration	 of	 N-acetylcysteine	 –	
an	Allium	plant	compound.	
Hyperemia	 was	 described	 on	 histological	
slides	of	pancreas	from	rats	receiving	chromium.	
Also,	 the	most	 severe	 lesions	 of	 endocrine	 cells,	
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destruction),	 are	 described	 in	 chromium	 treated	
groups.	 The	 changes	 of	 Langerhans	 islet’s	
architecture	 reflect	 an	 inhibition	 in	 insulin	
synthesis	 and	 secretion	 as	 reported	 in	 diabetic	
animals	(Zhou	et al.,	2009).
That	means	that	hexavalent	chromium	enters	




DNA	 oxidation	 (Halliwell	 and	 Gutteridge,	 1990).	
Chromium	does	not	generate	free	radicals	directly,	
it	 produces	 indirectly	 radicals	 as	 superoxide,	
nitrogen	 species	 like	 peroxynitrite,	 nitric	 oxide	
and	 hydroxyl	 causing	 damage	 consistent	 with	
oxidative	 stress	 (Pritchard	 et al.,	 2000).	 These	
radicals	 attack	 the	 cell	 membrane	 and	 lead	 to	
the	 destabilization	 and	 disintegration	 of	 the	 cell	
membrane	because	of	lipid	peroxidation	(Susa	et 
al.,	1996).
One	 of	 the	 main	 approaches	 used	 to	 lessen	
Cr	 VI	 induced	 toxicity	 is	 the	 use	 of	 powerful	
antioxidant	 agents.	 Aronia melanocarpa	 is	 kwon	
for	 its	 antioxidant	 activity.	 It	 can	 be	 observed	
that,	 in	 the	 experimental	 groups	 that	 received	
aqueous	 extract	 from	 this	 plant,	 lesions	 induced	
by	Cr	VI	were	reduced,	and	hyperemia	extended.	
Based	 on	 these	 findings,	 it	 can	 be	 attributed	 to	
Aronia melanocarpa	 the	 property	 to	 alleviate	 Cr	
VI	 induced	 degenerative	 lesions	 in	 pancreatic	
endocrine	cells.	
CONCLUSION
Based	 on	 finding	 of	 this	 study	 it	 can	 be	
concluded	 that	 chromium	 in	 its	 hexavalent	 form	
has	 negative	 impact	 on	 endocrine	 pancreas,	
producing	 structural	 alterations	 in	 Langerhans	
islet	 cells,	 which	 in	 turn	 lead	 to	 functional	
alteration:	insulin	synthesis	and	secretion.
When	 combined	 with	 aqueous	 extract	 of	
Aronia melanocarpa,	chromium	oxidant	activity	is	





antioxidants	 from	plants	 to	 reduce	 the	 effects	 of	
oxidative	 stress	 induced	 by	 chronic	 exposure	 to	
hexavalent	 chromium	 on	 the	 endocrine	 glands	
(endocrine	 pancreas,	 adrenal	 gland)	 in	 rats”,	 no.	
2758,	Internal	competition	2015	USAMVBT.	
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